(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

28.04.1999 Bulletin 1999/17 

(21) Application number: 98308646.3 

(22) Date of filing: 22.10.1998 



(11) EP0 911 144 A2 

EUROPEAN PATENT APPLICATION 

(51) intci.6: B29D 11/00, B29C 33/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 22.10.1997 JP 289517/97 

(71) Applicant: Micro Optics Company Ud. 
Sagamihara-shI, Kanagawa (JP) 

(72) Inventors: 

• Hamanaka, Kenjiro, c/o Micro Optics Co., Ltd. 
Sagamlhara-shi, Kanagawa (JP) 



• Tanlgucht, Satoshi, c/o Micro Optics Co., Ltd. 
Sagamihara-shI, Kanagawa (JP) 

• Morio, ken'i'i, c/o Micro Optics Co., Ltd. 
Sagamihara-shi, Kanagawa (JP) 

(74) Representative: Ptesold, Alexander J. 
Frank B. Dehn & Co., 
European Patent Attorneys, 
179 Queen Victoria Street 
London EC4V 4EL (GB) 



(54) Stamper for use in forming planar micro-lens array and method of forming thereof 



(57) For providing a stamper tor forming a planar mi- 
cro-lens array, a stamper is prepared by forming plural 
concave portions (2) for forming lens portion upon a 
stamping surface thereof, and a trap portion (3) is pro- 
vided surrounding said plural concave portions and con- 
tinuing until an outer edge thereof. Then, onto the 
stamping surface, on which a release agent (4) is ap- 



plied, there is applied a high refractive index resin (5), 
and a glass substrate (6) is pressed onto the high re- 
fractive index resin (5) to exude it. With this operation, 
the high refractive index resin (5) is filled Into each of 
the plural concave portions (2), and any excess is re- 
ceived or accommodated in the trap portion (3), thereby 
preventing excess resin from being forced outside. 




Printed by Jouve. 75001 PARIS (FR) 



1 



EP0 911 144 A2 



2 



Description 

[0001] The present invention relates to a stamper for 
use in forming a large number of convex lens comprising 
resin having a high refractive index upon a surface of 
glass substrate, and also to a method for producing a 
plate-like micro-lens array by use of the stamper. 
[0002] A flat-type or plate-like (planar) micro-lens ar- 
ray is Installed into, for example, a part of a liquid crystal 
display element. Explaining a structure of such a liquid 
crystal display element by referring to Fig. 7, a gap Is 
formed between glass substrates 101 and 102 by a 
spacer 103, into which liquid crystal 104 is poured. On 
a surface of the glass substrate 101 there are formed 
opposing electrodes 101a at the side of the liquid crystal 

104, and on a surface of the other glass substrate 102 
there are formed transparent pixel electrodes 1 02a at 
the side of the liquid crystal 104. Further, additional por- 
tions other than the transparent pixel electrodes 102a 
are formed which are not transparent, such as wiring, 
TFTs (thin film transistors), etc. 

[0003] Next, upon an exterior surface of the glass sub- 
strate 101 there is bonded a planar micro-lens array 

105, serving to focus irradiated light through the lens 
portion 106 thereof into pixel electrodes (i.e., openings 
for the pixels) 1 02a, so as to increase the brightness of 
an Image projected upon the screen. Note that the pixels 
and lenses (lens elements) are provided in plural num- 
bers. 

[0004] An example of the method for producing such 
a planar micro-lens array 1 05 will be explained by refer- 
ring to Fig. 8 attached. 

[0005] First, recessed portions 111 are formed on the 
surface of the glass substrate 110 through an etching 
process, and then a resin of high refractive index 112 is 
applied thereupon and is spread over the surface of the 
glass substrate 1 1 0 by a stamper 1 1 3 so as to fill in plural 
recessed portions 111. Next, the high refractive index 
resin 112 is cured under light, thereby obtaining the lens 
portion 106 mentioned above. 

[0006] However, in the case of producing or forming 
the planar micro-lens array with the method mentioned 
above, any of the high refractive index resin that is ex- 
cess is pushed or forced out from the edge of the glass 
substrate and is cured during the curing process. As a 
result, the planar micro-lens array itself becomes larger 
in dimension thereof, such that it cannot be bonded or 
attached on the other element(s) and Its size does not 
fit with the other portions for installation therewith. This 
is a disadvantage. Further, if the high refractive index 
resin exudes to the reverse of the substrate, the planar 
micro-lens array will experience degraded performance. 
[0007] Furthermore, when a plurality of planar micro- 
lens arrays are cut out from a large>sized glass sub- 
strate on which multiple surfaces are formed, since the 
high refractive index resin forms a layer applied over the 
entire surface of the glass substrate, the layer of the high 
refractive index resin might be easily separated or ex- 



foliated therefrom, or the surface of the micro-lens array 
may be damaged during a subsequent cutting proce- 
dure. 

[0008] Therefore, the applicant of the present appli- 
5 cation already proposed a structure, disclosed in Japa- 
nese Patent Application No. Hei-7244288 (1995), In 
which a gutter portion 1 1 3 Is formed surrounding the out- 
side of the recessed portions 111 so as to receive or 
accommodate any high refractive index resin that ex- 
10 udes in excess therefrom, as shown in Fig. 9. 

[0009] However a problem lying in the method shown 
In Japanese Patent Application No, Hei-7244288 (1 995) 
is that since the etching is performed on the glass sub- 
strate itself forming the planar micro-lens array, the etch- 
^5 ing must be performed on the glass substrate every time 
before applying the high refractive index resin thereon. 
[0010] Further, as shown in Fig. 9. the gutter portion 
113 is formed at the same time that the recessed por- 
tions 111 are formed by the etching, and therefore the 
20 depth of it comes to be same to those of the recessed 
portions 111. As a result, there is a possibility that the 
gutter portion 113 will have insufficient volume, though 
it may still be partially adequate. Nonetheless, any ex- 
cess high refractive index resin cannot be accommodat- 
es ed or received therein with certainty. 

[001 1 ] According to a first aspect of the present inven- 
tion, there is provided a stamper for use in forming a 
planar micro-lens array on a glass substrate, said array 
being formed from resin having a high refractive index 
30 which is pressed between a stamping surface of the 
stamper and a surface of the glass substrate to mold a 
plurality of convex lens-element portions, characterised 
in that said stamping surface of said stamper Is provided 
with an array of concave portions to mold the plurality 
3S of convex lens-element portions. 

[001 2] Preferably the stamping surface of the stamper 
is provided with a trap portion for excess resin at the 
periphery of the array of concave portions. Preferably 
the trap portion has a depth substantially equal to that 
40 of the concave portions and is preferably formed around 
the whole periphery of the array of concave portions. In 
a further preferred embodiment, the stamping surface 
is provided with a plurality of separate arrays of concave 
portions corresponding to a plurality of micro-lens ar- 
45 rays. 

[001 3] According to a second aspect of the present 

invention, there is provided a method of forming a planar 
micro-lens array by use of a stamper, the array compris- 
ing a plurality of convex portions of a high refractive In- 
so dex resin arranged on the surface of a glass substrate, 
said method comprising the steps of: 

providing a stamper having concave portions 
formed in a stamping surface, the stamper being ar- 
55 ranged so that the stamping surface faces upwardly 
and being provided with a release agent on the 
stamping surface; 

applying high refractive index resin upon the stamp- 
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ing surface of said stamper; 
pressing a glass substrate upon the resin to mold 
the resin into the concave portions; 
curing the resin to form the lens portbns of said mi- 
cro-lens array; and 

releasing the stamper to leave the planar micro-lens 
array formed on said glass substrate. 

[0014] In one preferred embodiment of the present in- 
vention, there is provided a stamper for use in forming 
a planar micro-lens array, comprising a plurality of con- 
vex high refractive resin portions for forming lenses, 
which is applied onto a planar surface of a glass sub- 
strate, in which, after the high refractive resin material 
is applied to plural concave portions of said stamper, the 
planar glass substrate is contacted thereon to exude the 
resin in between the concave portions and the glass 
plate, and is cured and separated therefrom, wherein 
the plurality of concave portions for fonning lenses of 
said micro-lens array are formed on a stamping surface 
of said stamper by transcription or etching, and in that 
a trap portion is formed at an outer periphery of the lens 
of said stamping surface of said stamper by transcription 
or etching, with a depth substantially equal to that of said 
concave portions, continuing at least until an outside 
edge of a region where said glass substrate is to be con- 
tacted therewith. 

[0015] With the construction according to the pre- 
ferred embodiments, the trap portion can be formed 
large enough to effectively prevent any excess high re- 
fractive index material from being pushed or forced out. 
[0016] Preferably, the stamper is formed with laminat- 
ed layers of nickel, which are formed by performing an 
electro-forming process upon a surface of a master 
plate of said micro-lens array (transcription), or alterna- 
tively, after forming a plurality of small concave portions 
upon a surface of a glass plate as a model for said 
stamper by wet etching, a reverse mold is formed with 
laminated layers of nickel, which are formed by perform- 
ing the electro-forming process upon the surface of the 
glass substrate having the plural concave portions, and 
then said stamper Is formed with laminated layers of 
nickel by performing the electro-forming process upon 
the surface of the reverse mold having the plural convex 
portions thereon, or said stamper is formed with a glass 
substrate, upon a surface of which there are directly 
formed a large number of concave portions by a wet 
etching process. 

[0017] Further, according to the present invention, In 
the stamper, wherein in the stamping surface of said 
stamper there are formed plural groups of concave por- 
tions, corresponding to plural planar micro-lens arrays, 
each being separate, said trap portion is formed at each 
outside periphery of each group of the concave portions 
for each planar micro-lens array, with the depth substan- 
tially equal to that of said concave portions. 
[001 8] Moreover, according to a further preferred em- 
bodiment of the present invention, there is provided a 



method for forming a planar micro-lens array by use of 
the stamper as defined above, comprising the steps of: 

turning a stamping surface of said stamper upward, 
5 upon which surface is applied a release agent; 

applying high refractive resin material upon the 
stamping surface of said stamper; 

10 pressing a glass substrate upon the high refractive 
resin material to exude the high refractive resin ma- 
terial into the concave portions and then curing the 
high refractive resin material to form the lens por- 
tions and thereafter; 

75 

releasing the stamper to leave the planar micro-lens 
array formed on said glass surface; and 

again applying the release agent upon a molding 
^0 surface of said stamper after the release thereof, in 
preparation for a subsequent process. 

[0019] With the steps mentioned above, since the 
etching must be performed only when the stamper Is 
25 produced, it is possible to greatly reduce the scale- or 
the number of productbn processes, as well as to pre- 
vent any excess high refractive index resin from being 
forced out. 

[0020] Here, as the glass substrate for forming the 
30 planar micro-lens array, there can be listed soda-lime 
glass, alkaline aluminosilicate glass, alkaline borosili- 
cate glass, non-alkaline glass, crystallized glass, quartz 
glass, etc. In addition, those glass materials can be used 
as the material of the stamper. 
35 [0021] Further, as the high refractive index material, 
there can be listed polyester resin, epoxy resin, silicon 
resin, phosphazene resin, phenol resin, polyimide resin, 
acryl resin, urethane resin, etc. 

[0022] Further, the release agent to be applied upon 

40 the stamping surface of the stamper is appropriately a 
compound of fluorine group or a compound containing 
silicon group. Also, as an organic compound of the sili- 
con group, preferably a resolvable one, which mainly 
contains polysiloxane, chlorsilane compound, alkoxysl- 

45 lane compound, disiloxane compound, and Is resolva- 
ble into water soluble organic solvent, such as water or 
alcohol, or resolvable Into hydrocarbon organic solvent 
or fluorine organic solvent, is used. 
[0023] Further, those which contain fluorine in the or- 

50 ganic compound of the silicon group are very k)w in sur- 
face tension at the release surface of the mold, and 
therefore, they exhibit good release qualities. Those can 
also be used in a mixture thereof. 
[0024] Certain preferred embodiments of the present 

55 invention will now be described by way of example only 
and with reference to the accompanying drawings, in 
which: 
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Figs. 1 (a) through (!) are views for explaining a 
forming method by use of a preferred stamper ac- 
cording to the present Invention; 

Figs. 2 (a) through (d) show a method for preparing 
the stamper; 

Figs. 3 (a) through (e) show another embodiment 
of the method for preparing the stamper; 

Figs. 4 (a) through (c) show plan views of a planar 
micro-lens array obtained according to preferred 
methods of the present Invention; 

Fig. 5 shows an embodiment in which a plurality of 
planar micro-tens arrays are formed by one 
stamper; 

Fig. 6 shows a cross-section view of a liquid crystal 
display element comprising a planar micro-lens ar- 
ray prepared by a preferred method according to 
the present invention; 

Fig. 7 shows a cross-section view of a conventional 
liquid crystal display element; 

Fig. 8 is a view for explaining a conventional method 
for forming a planar micro-lens array; and 

Fig. 9 shows a cross-section view of the a conven- 
tional planar micro-lens array. 

[0025] Here, as shown in Figs. 1 (a) through (f) ex- 
plaining the forming method by use of a stamper accord- 
ing to a preferred embodiment of the present invention, 
the stamper 1 is manufactured by means of an electro- 
forming or wet etching process, as shown in Fig. 1 (a). 
Upon a molding or stamping surface of this stamper 1 
there Is formed plural concave portions 2 for forming 
lens elements, and a trap portion 3 is formed all around 
the plural concave portions, continuing until an outer 
edge thereof. The depth of this trap portion 3 is substan- 
tially equal to those of the plural concave portions 2. 
[0026] Here, an example of the method for preparing 
the stamper 1 will be explained on the basis of Figs. 2 
(a) to (d) and Figs. 3 (a) to (e). 

[0027] First, in the method shown in Figs. 2 (a) to (d). 
a layer of photo-sensitive film 31 is formed on a surface 
of a substrate 30, as show in Fig. 2 (a), and then, as 
shown in Fig. 2 (b), upon the photo-sensitive film 31 
there Is irradiated an electron beam to manufacture a 
master micro-lens array, in which convex portions 32a 
are formed for subsequently forming the lens elements 
32 and the trap portion 3. 

[0028] Next, as shown in Fig. 2 (c), a nickel layer 33 
is laminated upon the surface of the master micro-lens 
array by means of an electro-forming method, and fur- 
ther, as shown in Fig. 2 (d), the laminated layer is later 



separated from the master micro-lens array thus obtain- 
ing a stamper 1. 

[0029] Also, In another method shown In Figs. 3 (a) to 
(e), upon the surface of a glass substrate 40 serving as 

5 a model, as shown in Fig. 3 (a), a wet etching is per- 
formed through a mask 41 , and as shown in Fig. 3 (b), 
plural minute concave portions 42 are formed having a 
spherical or cylindrical surface shape, together with a 
trap portion 43. Further, as shown in Fig. 3(c), the wet 

10 etching is again performed without the mask so as to 
form plural small concave portions closely arrayed next 
to each other and aligned with one another. Then, as 
shown In Fig. 3 (d), a nickel layer is laminated onto the 
surface, on which the plural concave portions are 

15 formed closely arrayed and aligned, by means of an 
electro-forming method, to form a reverse mold 44. Fur- 
ther, by again laminating the nickel layer upon the sur- 
face of this reverse mold 44 by means of the electro- 
forming method, the stamper 1 can be obtained. 

20 [0030] However the stamper 1 also can be manufac- 
tured with a glass substrate by the process shown In 
Figs, 3 (a) to (c). 

[0031] When the stamper 1 Is prepared in the manner 
mentioned above, a release agent 4 is applied onto the 

25 molding or stamping surface of the stamper 1 , as shown 
In Fig. 1 (b). On the stamping surface, onto which the 
release agent 4 is applied, as shown in Fig. 1 (c), resin 
5 having a high refractive index is applied. The high re- 
fractive Index resin 5 can be of the light-curable type, 

30 which is cured by irradiation of UV (ultra violet) light, or 
of the heat-curable type, which is cured by applying heat 
thereto. Further, as shown in Fig. 1 (d), the glass sub- 
strate 6 is pressed onto the above-mentioned high re- 
fractive index resin 5 so as to exude It. However, it is 

35 preferable that a coupling agent be applied upon the sur- 
face of the glass substrate 6, which contacts with the 
high refractive index resin 5, in advance. As the coupling 
agent, there can be considered 7-glycidpropyl-trimeth- 
oxy silane or mercapt-propy-trimethoxy silane. Also, the 

40 viscosity of the high refractive index resin 5 appropriate- 
ly lies from 0.1 to 100 poise (0.01 to 10 Pas), and it is 
effective to apply the resin under a reduced pressure 
condition in order to prevent creating bubbles therein. 
[0032] By the operation mentioned above, the high re- 

45 tractive index resin 5 is filled into the plural concave por- 
tions 2, and at the same time, any excess high refractive 
index resin 5 Is received into or accommodated by the 
trap portion 3, and is notdisadvantageously forced out- 
side. 

50 [0033] When the high refractive Index resin 5 is filled 
in the plural of concave portions 2, UV light is irradiated 
in order to harden the high refractive Index resin 5 to 
form the lens elements 7. 

[0034] Since, upon the stamping surface of the 
55 stamper 1 there is applied the release agent, while the 
coupling agent is applied upon the surface of the glass 
substrate 6 contacting with the high refractive index res- 
in 5, the lens elements 7 are bonded onto the glass sub- 
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strate 6. Accordingly, as shown in Fig. 1 (e), when the 
stamper 1 is removed or separated, a planar micro-lens 
array 10 comprising the lens elements 7 on the glass 
substrate 6 can be obtained. 

[0035] Moreover, the stamping surface of the stamper 
1 . after finishing the forming process, as shown In Fig. 
1 (f). is washed, and the release agent is applied again 
onto the stamping surface for a subsequent forming op- 
eration. In this manner, by using the stamper 1 repeat- 
edly, the etching process is necessary only when the 
first stamper 1 is manufactured, thereby reducing the 
complexity and cost of the manufacturing processes 
greatly. 

[0036] Figs. 4 (a) to (c) show a plan view of the planar 
micro-lens arrays obtained according to preferred em- 
bodiments of the present Invention, in particular. Fig. 4 
(a) shows lenses of a hexagonal shape. Fig. 4 (b) a 
square shape, and Fig. 4 (c) a lenticular shape, respec- 
tively. All shapes shown may be easily attained accord- 
ing to the method of the present invention, and the in- 
vention may equally be applied to preparing lens arrays 
in other shapes. 

[0037] Fig. 5 Is a view for explaining an embodiment 
in which plural planar micro-lens arrays are formed by 
means of a single stamper, wherein the high refractive 
index resin 5 is applied into each of the plural concave 
portions 2 of the stamper 1 , and plural glass substrates 
6 are placed onto the high refractive Index resin 5, one 
by one. 

[0038] However, not shown in the figure, with the 
stamper shown in Fig. 5, it is also possible to obtain pro- 
duction of plural planar micro-lens arrays on a large- 
sized glass substrate, each of which is cut out therefrom 

aftenward. 

[0039] Fig. 6 shows a liquid crystal display element, 
to which is applied the planar micro-lens array 10 ob- 
tained in the manner mentioned above. The liquid crys- 
tal display element 20 defines a cell by bonding the glass 
substrate 21 onto a glass substrate 22 through a spacer 
23, and on the glass substrate 22 forming celts there is 
contacted a lens-forming surface comprising the planar 
micro-lens array 10 through a low refractive index ma- 
terial 24, such as a fluorine group resin, acrylic resin 
group or epoxy resin group, etc. Thereafter, liquid crystal 
25 is filled inside the space defined between the glass 
substrate 21 and the glass substrate 22. so as to com- 
plete the liquid crystal display element 20. 
[0040] Further, on the surface of the glass substrate 
21 or 22, at the side of the liquid crystal 25, there are 
previously formed opposing electrodes 26. while pixel 
electrodes 27 are formed on the surface of the glass 
substrate 21 at the side of the liquid crystal 25. 
[0041] As is fully explained above, in accordance with 
the present invention, there is no necessity to treat the 
glass substrate to be the micro-lens array with an etch- 
ing process during each time when forming thereof, 
thereby greatly simplifying the process of production 
thereof. 



[0042] Further, since the trap portion is formed all 
around the stamper, continuing until the outer edge 
thereof, any excess high refractive index resin will not 
be forced out during the forming process. And, since any 

5 excess high refractive index resin will not be disadvan- 
tageously forced out. the high refractive index resin 
coaling film wilt not be lorn or damaged when cutting 
plural lens arrays from a large glass substrate. Also, 
when forming a planar micro-lens array on a glass sub- 

10 strate using the method according to the invention, it is 
easy to insert a jig between the glass substrate and the 
stamper. Therefore, the manufacturing processes for 
producing the planar micro-lens array(s) becomes easy, 
and any possibility that the glass substrate and/or the 

15 stamper might be injured is significantly reduced. 



Claims 

20 1 . A stamper for use in forming a planar micro-lens ar- 
ray on a glass substrate (6), said array (10) being 
formed from resin (5) having a high refractive index 
which is pressed between a stamping surface of the 
stamper (1) and a surface of the glass substrate to 

25 mold a plurality of convex lens-element portions (7), 
characterised in that said stamping surface of said 
stamper is provided with an array of concave por- 
tions (2) to mold the plurality of convex lens-element 
portions (7). 

30 

2. A stamper as claimed in claim 1, wherein said 
stamping surface of said stamper is provided with 
a trap portion (3) for excess resin at a periphery of 
said array of concave portions (2). 

35 

3. A stamper as claimed in claim 2, wherein said trap 
portion (3) has a depth substantially equal to that of 

said concave portions (2). 

"^0 4. A stamper as claimed in any preceding claim, 
wherein said stamping surface of said stamper is 
provided with a plurality of separate arrays of con- 
cave portions (2) corresponding to a plurality of mi- 
cro-lens arrays (10). 

45 

5. A method of forming a planar micro-lens array by 
use of a stamper, the array (10) comprising a plu- 
rality of convex portions (2) of a high refractive index 
resin arranged on the surface of a glass substrate 
50 (6), said method comprising the steps of: 

providing a stamper (1) having concave por- 
tions (2) formed in a stamping surface, the 
stamper being arranged so that the stamping 
55 surface faces upwardly and being provided with 

a release agent on the stamping surface; 
applying high refractive index resin (5) upon the 
stamping surface of said stamper (1 ); 
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pressing a glass substrate (6) upon the resin to 
mold the resin into the concave portions (2); 
curing the resin to form the lens portions (7) of 
said micro-lens array; and 
releasing the stamper (1) to leave the planar 5 
micro-lens array fomned on said glass sub- 
strate. 

6. A method as claimed in claim 5, wherein a release 
agent is applied on the stamping surface of said io 
stamper after the release thereof, in preparation for 

a subsequent process. 

7. A method as claimed in claim 5 or 6, wherein said 
stamper (1 ) has a plurality of arrays of concave por- is 
tions (2) corresponding to a plurality of micro-lens 
arrays, and separate glass substrates, each corre- 
sponding to an array of concave portions, are 
pressed upon the high refractive index resin which 
has been applied to each of said arrays of concave 20 
portions, to form each of the micro-lens arrays. 

8. A method as claimed in any of claims 5= 6 or 7, 
wherein said stamper (1 ) is provided by wet etching 

a glass substrate to form the concave portions (2). 25 

9. A method as claimed in any of claims 5= 6 or 7, 
wherein said stamper (1 ) is provided by applying 
layers of nickel by an electro-forming process to a 
surface of a reverse mold (44). 30 

10. A method as claimed in claim 9, wherein said re- 
verse mold is formed by applying layers of nickel 
(44) by an electro-forming process to a surface of a 
glass substrate (40) which has been wet etched to 35 
form a plurality of concave portions (42) corre- 
sponding to the concave portions (2) of the stamper 
(1)- 
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Fig. 3 (a) 
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Fig. 3 (d) 
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Fig. 4 (a) 



Fig, 4 (b) 



Fig. 4 (c) 
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